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proteins. Moreover, low molecular weight proteins, generally lost
in a gel-based approach, could be enriched and identiﬁed. Sev-
eral secreted proteins involved in chondrocyte homeostasis and
OA-pathogenesis, such as tissue inhibitors of matrix metallopro-
teinases and IGF-binding proteins could be reliably identiﬁed.
On the other hand, proteins which are related to cytokine/growth
factor pathways and which have never been described in chon-
drocytes could be detected. In addition, novel proteins related
to known disease pathways or disease processes were dis-
closed.
Conclusions: Extensive prefractionation of proteins followed by
2-D nanoLC coupled to mass spectrometry allowed to dig deeper
in the chondrocyte proteome. This study is a ﬁrst exploration of
the “hidden” proteome of articular chondrocytes and may serve
as a reference tool for future biomolecular research.
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DIFFERENTIAL PROTEOME OF MESENCHYMAL STEM
CELLS FROM OSTEOARTHRITIS PATIENTS
R. Rollín Toledo1, J. López2, E. Camafeita2, E. Calvo2,
F. Marco1, B. Fernández-Gutiérrez1
1Hospital Clínico San Carlos, Madrid, Spain; 2CNIC, Madrid,
Spain
Purpose: Osteoarthritis (OA) is the most prevalent rheumatic
disease and has important social and economic implications. OA
has long been regarded as an imbalance between destructive
and reparative processes driving to degeneration of the articu-
lar cartilage with associated subchondral bone changes. Adult
mesenchymal stem cells (MSCs) are multipotent cells capable to
differentiate to various tissue types including bone and cartilage.
Bone marrow may serve as a reservoir for stem cells popula-
tions; these stem cells, in situations of extensive tissue damage,
are mobilized and migrate to the site of injury contributing widely
to local tissue repair. The purpose of this study was to charac-
terize the differential proteome of bone marrow MSCs from OA
patients.
Methods: MSCs protein extracts were prepared from bone mar-
row aspirates obtained from 6 patients undergoing joint replace-
ment as a result of OA and from 6 healthy donors, without
special radiographic signs of OA, in the surgery for the subcapi-
tal fracture of the hip. Samples were then analyzed by 2D gels
using the DIGE approach. Gel image analysis was performed
using the DeCyder Differential Analysis Software Release 6.5
and statistical module EDA 1.0 (GE Healthcare). Protein spots
corresponding to statistically signiﬁcant expression differences
were excised from the gels and submitted to tryptic digestion,
and the resulting peptides were mass analyzed using an Ul-
traﬂex MALDI-TOF/TOF mass spectrometer (Bruker-Daltonics).
Protein identiﬁcation was achieved through database searching
with MALDI MS and MS/MS data.
Results: Around 2000 spots were detected in each gel. We
found thirty-seven proteins that were differentially expressed,
allowing the correct classiﬁcation of each condition into its cor-
responding group. Most differential proteins were related to cy-
toskeleton/motility (n=12, 32%) and metabolic enzymes (n=13,
36%). Interestingly, most proteins related to cytoskeleton/motility
were down-regulated (n=10, 83%) in OA patients, representing
45% of down-regulated proteins. Moreover, a high percentage of
metabolic enzymes were up-regulated (n=8, 62%) on MSCs of
OA patients and their main location was in lysosome/cytoplasm
(n=7, 54%).
Conclusions: The differential proteome from bone marrow
MSCs is characterized by diminished cytoskeleton/motility pro-
tein levels together with augmented metabolic enzyme levels.
Further studies are necessary to assess whether these changes
arise from the disregulated reparative processes related to OA.
Stem Cells, Tissue Engineering & Repair
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Y. Matsusue
Shiga University of MEdical Science, Shiga, Japan
Purpose: A collagen scaffold has been long used in order to
enhance the regeneration of articular cartilage. Our previous
studies revealed that the exogenous collagen gel recruits the
mesenchymal stem cells (MSCs) to the central region of the
defect and enhances repair of cartilage defect. We also demon-
strated that the cultured MSCs were recruited to the substrate-
bound collagen gel in a clear dose-dependent manner in an in
vitro migration assay. In the present study, we investigate the
effectiveness of a concentration-gradient collagen gel that is de-
signed to promote recruitment of the chondrocyte progenitors via
haptotaxis.
Methods: The present study used Cellmatrix® (0.3% type 1 col-
lagen; Nitta gelatin, Osaka, Japan) as the collagen materal. We
prepared 0.24% gradient collagen cylinder and 0.27% gradient
cylinder. A 0.18% cylinder without collagen gradient served as
negative control. The 0.24% gradient cylinder was fabricated by
inserting 0.24% collagen gel to the center of the 0.18% colla-
gen gel (33% concentration-increase). The 0.27% gradient cylin-
der was likewise fabricated (50% concentration-increase). Full-
thickness cartilage defects were created at the patella groove of
the rabbit knee, to which the three different collagen scaffolds
were transplanted. The rabbits were killed at the postoperative
week 1 (n=9), 2 (n=10), 3 (n=9), 4 (n=10), 8 (n=10), 12 (n=10).
Bromodeoxyuridine (BrdU) positive, proliferating cells were enu-
merated and localized, whereas the histological grading score
for cartilage regeneration was counted. The expression of type
I and type II collagen was evaluated by immunohistochemistry.
We also conﬁrmed that the mesenchymal stem sells (MSCs)
migrate towards the collagen substrate of higher concentration
in a stringently haptotactic manner.
Results: In the non-composite 0.18% collagen: which served as
negative control, numerous BrdU-positive cells were observed in
the peripheral region of the cartilage defect, and only small num-
ber of BrdU-positive cells were localized in the central region.
The 0.24% gradient collagen, in contrast, displayed a distinctive
distribution pattern. There were more BrdU-positive cells than
any other collagens in the central region, and the uniform dis-
tribution of BrdU-positive cells was revealed in the central and
peripheral region. The 0.27% gradient collagen demonstrated
a similar distribution pattern of the BrdU-positive cells to the
0.18% collagen. Number of the BrdU-positive cells recruited to
the central region was the highest in the 0.24% gradient group at
the 2nd postoperative week, indicating that the 0.24% gradient
collagen recruited the MSCs most effectively.
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The histological score of the 0.24% gradient collagen was the
best of all experimental conditions. The signiﬁcant differences
existed between the 0.18% gradient collagen and the 0.24%
gradient collagen at 4th and 8th postoperative week (p<0.05).
In the 0.24% gradient collagen, type II collagen was strongly
and widely stained in both the regions, and type I collagen was
weakly stained in the central region.
In vitro haptotactic manner,the 30 times gradient generated the
most effective migration activity for the cultured MSCs.
Conclusions: Concentration-gradient collagen scaffold recruits
effectively the progenitor cells to the center of full-thickness
cartilage defect and enhances regeneration of the full-thickness
cartilage defect. In vitro migration assay suggest that there is
an optimal gradient when using the gradient collagen cylinder to
augment regeneration of full-thickness cartilage defect.
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CANCELLOUS BONE MATRIX GELATIN CONTAINING
ALLOGENIC CHONDROCYTES FOR THE REPAIR OF
FULL-THICKNESS ARTICULAR CARTILAGE DEFECTS:
RESULTS OF A 1 YEAR STUDY IN RABBITS
J. Cao1, B. Yang1, A. Zhang1, J. Chen1, Z. Zhang1, Q. Fu1,
C.E. Hughes2, B. Caterson2
1Medical School of Xi’an Jiaotong University, Xi’an, China;
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Purpose: To investigate the effect of using cancellous bone
matrix gelatin (BMG) seeded with allogeneic chondrocytes for
repairing full-thickness articular cartilage defects in rabbits.
Methods: 1 month old rabbit chondrocytes were isolated and
expanded in vitro by monolayer culture. Passage - 1 allogenic
chondrocytes were seeded onto prefabricated cancellous BMG
scaffolds to construct tissue-engineered cartilage grafts and cul-
tured in vitro for 2 weeks. These grafts were then implanted
to repair mature rabbit knee joint osteochondral defects. As a
“Control”, replicate defects were ﬁlled with cancellous BMG only.
After 1 year the treated defect and adjacent sites were harvested
and evaluated for macroscopic tissue morphology, Haematoxylin
and Eosin (HE), Toluidine Blue (TB) and Picricsirius Red staining
as well as immunohistochemistry for typeIIcollagen expression.
Results: After 2 weeks, the allogenic chondrocytes attached
to the cancellous BMG, formed a cartilagenous tissue graft of
5-8 cell layers on the surface of the BMG and secreted ma-
trix proteoglycans and collagen type II. Following 1 year after
the transplant operation, histological staining of the defect site
tissue revealed that reparative tissue had integrated well into
the host cartilage and reconstructed the damaged subchondral
bone plate in all defects where the BMG-allogenic chondrocyte
grafts had been implanted. These defects were fully ﬁlled with
hyaline-like cartilage in this group with cells located in lacuna
and arranged in columns in the deeper zones of the repair tis-
sue. Matrix staining showed the presence of proteoglycans and
collagen type II evenly distributed and well-integrated within the
adjacent articular cartilage. In contrast, in the defects that were
ﬁlled with BMG scaffold alone, these mainly formed a ﬁbrocar-
tilagenous repair tissue with irregularly distributed chondrocytes
and reduced staining for matrix proteoglycans and collagen type
II.
Conclusions: Cancellous BMG is an effective scaffold for use
in cartilage tissue engineering procedures. Cancellous BMG
seeded with allogenic chondrocytes was successful in producing
well-integrated hyaline-like cartilage repair tissue after trans-
plantation for 1 year and this method shows great promise for
treatment of joint osteochondral defects in human patients.
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CHONDROGENESIS OF EMBRYOID BODIES AND CELLS
DERIVED FROM EMBRYOID BODIES
Z. Zhang
Saint Louis University, St. Louis, MO
Purpose: Embryonic stem cells (ESCs) are a promising repar-
ative source for cartilage injury and degenerative joint diseases.
Generally, ESCs are differentiated in the form of an embryoid
body (EB), a stem cell aggregate contains progenitor cells for
all three germ layers of embryo. The EB contains elements of
chondrogenesis. Therefore, under a suitable condition, chon-
drogenesis should occur in EBs. However, most of the current
studies involving chondrogenesis of stem cells are using cells
that are derived from EBs (EBd cells).
Methods: This study was to investigate, at a similar differentia-
tion stage, whether EBs and EBd cells have similar potentials of
chondrogenesis. Mouse embryonic stem cells were cultured in
suspension for EB formation. EBs were obtained at day 5 of EB
culture. EBd cells were cells from collagenase-dissociated EBs.
EBs and EBd cells were centrifuged for pellet formation. Both
EB and EBd cell pellets were cultured in chondrogenic medium
for 3 weeks. The pellets were sampled at weeks 1, 2 and 3 for
histology and immunohistochemistry.
Results: There was a signiﬁcant amount of cell death in both
pellets of EBs and EBd cells after one week in culture. Type II
collagen was positively stained in the EBd cell pellets, but not
in EB pellets. More type II collagen staining was observed at
the peripheral area of the EBd cell pellets. EBd cell pellets were
also stained with aggrecan. Both EB and EBd cell pellets were
stained with type I collagen.
Conclusions: This study shows that dissociation of EBs is
required for chondrogenesis in pellet culture. The dissociation
process allows cells to reorganize in the pellets and respond to
the chondrogenic medium. The chondrogenic process in chon-
drogenic medium is also a process of cell selection as EBs
and EBd cells are heterogenic cell population. Signiﬁcant cell
death in both types of pellets is evident in that only a fraction
of EBd cells have the potential of chondrogenesis. However, this
fraction of cells in EBs did not respond to the current chon-
drogenic condition, indicating the importance of an extracellular
microenvironment in stem cell differentiation.
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TRANSPLANTATIONOF MESENCHYMAL STEM CELLS
TO TREAT EARLY CARTILAGE LESIONS IN
EXPERIMENTAL OSTEOARTHRITIS IN RABBITS
B. Grigolo, G. Desando, C. Cavallo, M. Fini, N. Nicoli Aldini,
R. Giardino, A. Facchini
Istituti Ortopedici Rizzoli, Bologna, Italy
Purpose: Autologous chondrocytes transplantation (ACI) has
becoming a more diffuse therapeutical strategy in the repair of
damaged cartilage in clinical practice. The data obtained at long-
term follow-up showed good clinical results together with the
formation of a new tissue with many hyaline features even if long
time is required for a complete regeneration. The improvement
of the technique is mainly due to the use of suitable scaffolds
able to ﬁx the cells into the defect site permitting their prolifer-
ation, maintainance of the chondrocyte phenotype and a easier
surgical procedure. However, until now the indication for ACI are
symptomatic full-thickness chondral injuries or osteochondritis
dissecans and the treatment requires the harvest of healthy car-
tilage tissue and a cell expansion phase in vitro. In order to ﬁnd a
new approach to treat patients with osteoarthritis (OA) suffering
for early degenerative lesions to hyaline cartilage, the aim of
